The size and shape of the free volume in molecular crystals was estimated from crystallographic data. The o-Ps lifetime values were calculated from respective models and compared with the experimental data. The best agreement for channel-like voids has been obtained for the value of DR parameter equal 0.19 nm. The threshold value of radius allowing Ps trapping in the void was found to be (0.12-0.13) nm.
Introduction
A well-known model by Tao [1] and Eldrup et al. [2] allows us to estimate the o-Ps lifetime in the spherical potential well assuming an infinite rectangular barrier; the penetration of the Ps wave function into the bulk is simulated by extension of the well size by DR. The pick-off lifetime is then where R -free volume radius, R0 = R+ DR. The value of empirical parameter DR is usually assumed 0.166 nm [2] , and λ a = 2 ns is the spin averaged decay rate.
Sometimes the free volumes, particularly in crystalline solids, have an elongated form, e.g., vacancies in long-chain compounds or natural channel-like free volumes running through the crystal structure. Such voids can be approximated by cylinders or cuboids. For the case of cuboid the appropriate formula is:
where al, a2, a3 -cuboid sides. The same Eq. (2) can be used for channels with rectangular cross section (a3 --> oo) and for layered structures (a2 = a 3 ->oo). For infinite cylindrical channels (Jo is the cylindrical Bessel function, X -the lowest node of this function).
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Results and discussion
We have determined the free volume sizes from the crystallographic data for a set of molecular crystals and then compared the expected o-Ps lifetime with experimental results. The atom sizes were assumed to be equal to the radii at which the electron density at the outermost orbital reaches its maximum. The free volume was determined by inscribing the bodies (e.g. spheres) tangent to the surrounding atoms. In several cases we have found that positronium is not formed at all, in other cases the observed o-Ps lifetime lies in the range of (0.6-1.2) ns.
Spherical voids
There are very close packed crystals as fluorathene and acenaphtylene in which, at our atoms size definition, one can inscribe a sphere with a radius of 0.05 nm only. In these crystals we did not observe positronium formation. In the structure of azulene and anthracene the free volumes are bigger (0.10 nm and 0.115 nm, respectively) but Ps is still not formed (Fig. 1) . The threshold of Ps formation is located somewhere near a free volume radius of (0.12-0.13) nm, but its exact location depends also on the values of positron and electron energies for each of the solids studied. Thus, at this value of threshold radius we should not expect in molecular crystals the o-Ps lifetimes shorter than ~750 ps. Figure 2 shows the sphere inscribed into the structure of benzene crystal; the location of free volume in some other crystals was shown in our previous paper [3] .
All crystallographic and lifetime data in Fig. 1 (and in this whole paper) relate to the room temperature, except of naphtalene (239 K) and benzene (138 K and 218 K).
Cuboidal voids
In some crystals the free space has cuboidal or even channel-like structure. In that case, inscribing the sphere in the manner as described above we always obtain the lifetime value too low in comparison to the experimental one (Table) .
The model calculations of o-Ps lifetime in cuboids are shown in Fig. 3 . One can see that, if the cross section of cuboid is constant and third axis is lengthening, the t value is also increasing, but tends rapidly to the saturation value, which corresponds to the channel-like structure. It is interesting that a sphere (DR 0.166 nm) having the same diameter as the cube side (with DR = 0.190 nm) gives almost the same lifetime value. It is seen from Table that all values calculated assuming DR = 0.166 nm are a bit higher than the experimental ones. Recently we have proposed for cylindrical capillaries in porous materials DR value equal 0.19 nm [5] . If we apply it to estimate the lifetime from Eq. (2) we can observe excellent agreement between experiment and model. 
Conclusions
In the case of free volumes which can be approximated by spheres there is relatively good agreement between experimental o-Ps lifetime and the estimations based on the crystallographic data. The observed o-Ps lifetimes in channel-like free volumes are systematically shorter than those estimated from Eq. (2); one can obtain good agreement using the modified value DR = 0.19 nm.
